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AERODYNAMIC CHARACTERISTICS OF AN NASA SUPERCRITICAL -WING 
RESEARCH AIRPLANE MODEL WITH AND WITHOUT FUSELAGE 
AREA-RULE ADDITIONS AT MACH 0.25 TO 1.00* 

By Dennis W. Bartlett and Charles D. Harris 
Langley Research Center 

SUMMARY 

An investigation has been conducted in the Langley 8 -foot transonic pressure tunnel 
at Mach numbers from 0.25 to 1.00 to determine the effects of area-rule additions to the 
sides of the fuselageon the aerodynamic characteristics of a 0.087 -scale model of an 
NASA supercritical -wing research airplane. 

The results of this investigation indicated that, compared with the basic configura- 
tion, a significant reduction in drag occurred at Mach numbers of 0.99 and 1.00 near the 
design cruise lift coefficient with the area-rule additions on the model, whereas only a 
small drag penalty was incurred at the lower subsonic Mach numbers. 

The results also indicated that the fuselage area-rule additions have only small 
effects on the longitudinal stability characteristics and the horizontal -tail effectiveness 
over the Mach number and angle -of -attack range of the investigation. 

Near the cruise lift coefficient, the fuselage area-rule additions did alter the span- 
load distribution unfavorably; however, based upon earlier results, this disadvantage could 
be alleviated by a reduction in the wing inboard trailing -edge camber. 

INTRODUCTION 

Several "proof of concept" flight -test investigations (refs. 1, 2, and 3) have been 
initiated on supercritical -wing research airplane configurations. One of these programs, 
currently being conducted at the Flight Research Center (ref. 1), utilizes a U.S. Navy 
airplane (TF-8A) as a flying test bed to evaluate the potential gains in cruise speed of a 
sweptback supercritical wing designed for possible future application to an advanced, 
near -sonic -cruise, transport -type airplane. This wing incorporates the NASA super- 
critical airfoil which was developed at the Langley Research Center. (See refs. 4 to 6.) 
Preliminary full-scale results on the TF-8A supercritical -wing research airplane con- 
tained in reference 1 substantiate the significant increase, as indicated by wind-tunnel 
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tests (refs. 7 and 8), in drag -divergence Mach number over that exhibited by present-day 
transports having wings with conventional airfoil sections. 

The drag results presented in reference 8 indicate a drag -divergence Mach number 
of about 0.97 for the complete airplane; however, wing pressure data and oil-flow studies 
of the boundary layer indicated relatively clean flow to a Mach number of 0.99 with no 
appreciable separation evident. It was felt, therefore, that the drag break was primarily 
associated with the nonoptimum cross-sectional area distribution for the complete con- 
figuration rather than a break down of flow over the wing. Consequently, in an attempt to 
improve the performance of the airplane at near -sonic speeds, fore and aft side fuselage 
area -rule additions were developed for the model on the basis of an experimentally refined 
Mach number 1.00, area-rule concept that compensates for the equivalent area due to lift. 
This follow-on configuration, which will have an area distribution more representative of 
an advanced near -sonic -cruise transport airplane, is now under development and will be 
flown in the later phases of the flight -test program. 

The purpose of this paper is to present the effects on the longitudinal aerodynamic 
force and moment characteristics and on selected wing and fuselage pressures of the 
fuselage area-rule additions as measured in the Langley 8-foot transonic pressure tunnel 
at Mach numbers from 0.25 to 1.00. Complete wing and fuselage pressure data for the 
present investigation are tabulated in reference 9; however, some of these data near the 
design cruise lift coefficient are presented herein to aid in the discussion of results. 


SYMBOLS 

Values are given in both SI and U.S. Customary Units. Measurements and calcula- 
tions were made in U.S. Customary Units. The longitudinal aerodynamic characteristics 
presented herein are referred to the stability axis system. All coefficients are based on 
the geometry of the basic wing panel which does not include the leading-edge glove or the 
trailing-edge extension. (See fig. 1(a).) Moments are referenced to the quarter-chord 
point of the mean geometric chord of the basic wing panel. This point is located at model 
station 99.45 centimeters (39.155 inches) as shown in figure 1(a). 
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internal drag coefficient, er ^ ^ ra § 

lift coefficient, ■ 

’ qS 

lift coefficient at zero angle of attack 
pitching -moment coefficient, P^ching^moment 

pitching-moment coefficient at zero lift 

P ; - P 

pressure coefficient, — 


local streamwise chord of basic wing panel 

mean geometric chord of basic wing panel, 18.087 centimeters (7.121 inches), 
~ 1.0 

2 f c 2d^- 

S J 0 C b/2 

local streamwise chord of total wing planform which includes leading-edge 
glove and trailing -edge extension 

average chord of basic wing panel, S/b, 16.87 centimeters (6.64 inches) 

wing-section normal -force coefficient, ^ (Cp ; L " ^u) ^ § where Cp,L 

is lower -surface pressure coefficient and Cp is upper -surface pres- 
sure coefficient 


free -stream Mach number 


free -stream static pressure 

local static pressure 

free -stream dynamic pressure 

area of basic wing panels including fuselage intercept, 0.193 meter2 
(2.075 feet 2 ) 
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velocity of flow in duct at duct exit 


free -stream velocity 


w/w„ 


mass -flow ratio of individual duct referenced to one -half inlet area, 


Pe V e A e 


KOduct 1 + KMduct 2 


Poo V ooAi/2 

(w/w-co) average mass -flow ratio of ducts, 


streamwise distance measured from leading edge of basic wing panel, 
positive toward wing trailing edge 

streamwise distance measured from leading edge of total wing planform, 
positive toward wing trailing edge 


y spanwise distance measured normal to model plane of symmetry, 0 at fuse- 

lage center line 

z' vertical distance measured from model reference water line, 

26.205 centimeters (10.317 inches) 


a angle of attack, referred to model water line, degrees 

/3 angle of sideslip, referred to model center line (positive when nose is left), 

degrees 

6^ horizontal -tail deflection angle, referred to model water line (positive when 

trailing edge is down), degrees 

8 circumferential location of pressure orifice on rear of fuselage, degrees 

P e mass density of flow in duct at duct exit 

mass density of free stream 
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Abbreviations: 


l.e. 

leading edge 

t.e. 

trailing edge 


APPARATUS AND PROCEDURES 
Model 

Model description . - Geometric characteristics of the model are presented in fig- 
ure 1, and photographs of the model are presented as figure 2. 

The model was a sting-supported, 0.087-scale model of the TF-8A supercritical - 
wing research airplane. The sweptback supercritical wing was mounted in a high-wing 
position with 1.5° of incidence at the root chord. The supercritical wing, constructed of 
a steel core with plastic fill on the upper right and lower left wing panels in which steel 
pressure tubing was embedded, incorporates approximately 5° of twist between the root 
and tip chords (washout) in the unloaded condition and has maximum thickness -chord (c') 
ratios that vary from approximately 0.12 at the root to 0.07 at the tip. The basic wing 
panel, which excludes the leading-edge glove and the trailing-edge extension (fig. 1(a)), 
has an aspect ratio of 6.8, a taper ratio of 0.36, and 42.24° of sweepback at the quarter- 
chord line. The area of the basic wing panels including the fuselage intercept is 0.193 m 2 
(2.075 ft 2 ), and the mean geometric chord of the basic wing panel is 18.087 cm (7.121 in.). 
Nondimensional wing coordinates referenced to the total streamwise chord (c') for each 
semispan station are presented in table I. 

For the present investigation, the model was tested with and without the side fuse- 
lage area-rule additions shown in figure 1(a). However, the vortex generators (shown in 
fig. 1(c) and discussed in ref. 10), the aileron-hinge fairings (figs. 1(d) and 1(e)), and sim- 
ulated major full-scale airplane protuberances (fig. 1(f)) were included on the model for 
the entire investigation. It might be noted that the drogue -parachute fairing at the base 
of the model shown in the first photograph of figure 2 was not included on the model for 
this investigation nor is it on the full-scale airplane. 

The longitudinal progression of cross-sectional area taken normal to the fuselage 
center line for the model with and without the area-rule additions is presented in fig- 
ure 3(a), and typical cross sections for the model with the fuselage area-rule additions 
on are shown in figure 1(b). The area distribution for the model with the fuselage area- 


rule additions is also shown in figure 3(b) with the design envelope. The difference 
between these two curves is the experimentally determined equivalent area due to lift. 

It should be pointed out, however, that because of the existing tail arrangement on the 
TF-8A airplane, it was not possible to design the aft -fuselage area-rule additions large 
enough to match completely the design envelope for the rear of the model. This limita- 
tion resulted in some relatively higher slopes in the area distribution beyond fuselage 
station 127.0 cm (50.0 in.). (See fig. 3(a).) The desirable shape for this region is shown 
as the dashed line in figure 3(b). 

The basic fuselage and tails are scaled versions of those on the TF-8A airplane. 

The rear upper -surface fuselage fairing (fig. 2) was added to the model during the early 
part of the wind-tunnel development program (ref. 8) and was included initially on the 
full-scale airplane. This fairing serves the dual purpose of smoothing the abrupt corner 
in the area distribution associated with the buildup of the horizontal- and vertical -tail - 
surface areas and of covering the wing rear attachment fittings. As emphasized in ref- 
erence 1, the rear upper -surface fuselage fairing does not result in either a "Coke-bottle" 
fuselage shape or an ideal area distribution but rather provides a fuselage area progres- 
sion closer to that which would exist on a transport configuration with a cylindrical 
fuselage. 

The model fuselage was provided with flow-through ducts which are split toward 
the rear of the fuselage to allow room for the model support sting. The model has a total 
inlet capture area of 28.387 cm2 (4.40 in2) and a combined duct exit area of 31.935 cm2 
(4.95 in2). The internal -drag and mass-flow characteristics are presented in figure 4 
for the model with and without the fuselage area-rule additions. 

Comparison with earlier configurations . - Reference 8 listed several dissimilarities 
between the model configurations of that paper and the full-scale airplane; however, before 
initiation of the present investigation, these contour differences were corrected on the 
model. In summary, the model wing was lowered to match the wing position on the full- 
scale airplane, and the contour lines of the rear upper-surface fuselage fairing were also 
made to conform to those of the full-scale airplane. In addition, the model wing has been 
closely refined to match the coordinates of the full-scale supercritical wing. These coor- 
dinates are presented in references 7 and 8 and also in table I. 

The wing coordinates published in reference 10 reflect an inboard trailing-edge 
slope modification that was made in conjunction with the addition of the fore and aft fuse- 
lage area -rule additions. Since it was not possible to incorporate this inboard trailing- 
edge slope change into the full-scale airplane without major modification, it was there- 
fore not included on the model wing for the present investigation. Except for the inboard 
region, the wing coordinates presented in reference 10 are the same as those presented 
in table I. 


Other configuration details varied throughout the wind-tunnel development program, 
and these features are outlined in the following table: 


Model 

component 

Model 

configuration 
of present report 
and reference 9 

Model 

configuration 
of reference 10 

Model 

configuration 
of references 7 
and 8 

Full-scale 
airplane 
configuration 
of reference 1 

Rear upper -surface 

On (fig. 2) 

On 

On 

On 

fuselage fairing 





Vortex generators 

On (figs. 1(c) 
and 2) 

On and off 

Off 

On 

Aileron-hinge 

fairings 

On (figs. 1(d) 
and 1(e)) 

On 

Off 

On 

Side -fuselage 
area-rule 
additions 

On and off 
(figs. 1(a) 
and 2) 

On 

Off 

Off 

Drogue -parachute 

Off (fig. 2) 

On 

Off 

Off 

fairing 





Major protu- 
berances 

On (figs. 1(f) 
and 2) 

Off 

Off 

On 


As a result of the continued refinement to the model, as discussed in the previous 
paragraphs, the configuration of the present report without the fuselage area-rule addi- 
tions is considered to be a very close geometric simulation of the full-scale airplane. 

Test Facility 

The investigation was conducted in the Langley 8 -foot transonic pressure tunnel 
(ref. 11). This facility is a continuous -flow, single -return, rectangular slotted -throat 
tunnel having controls that allow for the independent variation of Mach number, density, 
temperature, and dewpoint. The test section is square in cross section with the upper 
and lower walls axially slotted (each wall having an open ratio of approximately 0.06) to 
permit changing the test -section Mach number continuously through the transonic speed 
range. The stagnation pressure in the tunnel can be varied from a minimum value of 
about 0.25 atmosphere at all test Mach numbers to a maximum value of approximately 
1.5 atmospheres at transonic Mach numbers and approximately 2.0 atmospheres at Mach 
numbers of 0.40 or less. 

Due to the relatively large size of the present model, special test -section sidewall 
inserts were employed for this investigation (fig. 1(g)) to help reduce subsonic blockage 










effects (refs. 10 and 12). These sidewall inserts were indented to account for 40 percent 
of the longitudinal development of model cross-sectional area. This effectively resulted 
in a "scalloping” of the sidewalls of the tunnel test section adjacent to the model. Fore 
and aft of the model, these inserts reduced the tunnel test-section, cross-sectional area 
by approximately 0.24 percent. 


Boundary -Layer Transition 

Boundary -layer transition was fixed on the model for the entire investigation. The 
boundary -layer trip locations and carborundum grain sizes used on the wing are shown in 
figure 5. The more rearward boundary -layer trip positions (figs. 5(a) and 5(b)) were 
located on the wing by using the techniques described in references 13 and 14 to simulate 
the full-scale Reynolds number boundary -layer characteristics at the trailing edge and 
the full-scale Reynolds number wing -shock location. 

For all test Mach numbers, boundary -layer trips of No. 120 carborundum grains 
were located on the horizontal and vertical tails at 5 percent of the local streamwise 
chords. Trips of No. 120 carborundum grains were also applied around the fuselage 
2.54 cm (1.00 in.) aft of the model nose and 1.27 cm (0.50 in.) rearward of the inlet lip 
on both the inner and outer surfaces. All transition strips were 0.127 cm (0.05 in.) wide 
and were located by measurements taken in the streamwise direction. 

Measurements and Test Conditions 

Six-component force and moment data were obtained with an electrical strain-gage 
balance housed within the fuselage cavity, and in addition, the wing and fuselage were 
instrumented with flush-surface static -pressure orifices. The orifices on the wing were 
distributed in streamwise rows over the upper right and lower left wing panels, and ori- 
fices were distributed on the fuselage over the left pair of fore and aft area-rule addi- 
tions and on the right side of the fuselage boattail. The orifice locations for the wing 
and fuselage are given in table n. All surface pressures were recorded with the use of 
differential -pressure, scanning -valve units mounted in the nose section of the model. 

For determination of the base drag, the static pressures in the balance chamber 
and in the plane of the model base were recorded with differential -pressure transducers 
referenced to the free -stream static pressure. 

The internal -drag coefficients and mass -flow ratios (fig. 4) were determined from 
measurements of the total -pressure distribution and the static pressure in the duct exit 
planes by use of a rake consisting of 10 pitot-pressure tubes and 1 static -pres sure tube 
per duct. These measurements were made during an earlier test at Reynolds numbers 
slightly higher than those of the present investigation. The Reynolds numbers for the 
earlier investigation are the same as the higher Reynolds numbers in reference 8 for the 


Langley 8 -foot transonic pressure tunnel, whereas the Reynolds numbers for the present 
investigation are presented in table in. Other tests have shown, however, that this small 
difference in Reynolds number would have a negligible effect on these parameters. 

Measurements were taken over a Mach number range varying from 0.25 to 1.00 for 
angles of attack that varied from approximately -5° to 12° at a sideslip angle of 0°. The 
entire investigation was conducted at a stagnation temperature of 322 K (120° F) and at 
a dewpoint low enough to avoid significant condensation effects. (See ref. 15.) 

The tunnel test conditions for the present investigation are summarized in table in. 

Corrections 

Drag results presented herein have been adjusted to correspond to free -stream 
static pressure acting in the balance chamber and at the model base, but no adjustments 
have been made to the drag for the internal flow through the ducts or for the Reynolds 
number difference between the tunnel and full-scale conditions. However, the internal- 
drag coefficients and mass -flow ratios for the model with and without fuselage area-rule 
additions are presented in figure 4. 

No corrections have been applied to the data for sting interference effects other 
than the exclusion of the base drag from the total measured drag; however, the model 
support sting was designed on the basis of the results in reference 16 to minimize sting 
interference at near -sonic Mach numbers. Furthermore, no corrections have been 
applied to the data for the effects of either solid or wake blockage or boundary -induced 
lift interference. 

Corrections have been made to the measured angle of attack for model support sting 
and balance deflections occurring as a result of aerodynamic loads on the model and for 
tunnel airflow angularity. 

Based on wind-tunnel tests in the Langley 8 -foot transonic pressure tunnel and 
free -drop tests of a supercritical body of revolution (ref. 17), it appears that the wind- 
tunnel drag results presented herein for Mach numbers beyond the drag rise are low. 

The preliminary comparison presented in reference 1 between the wind-tunnel and flight 
data on the TF-8A supercritical-wing research airplane also indicates the same trend. 
Although these decrepancies in the data at these Mach numbers have not been completely 
explained, they are generally felt to be associated with the pronounced, wind-tunnel -wall 
interference effects encountered near Mach 1.00. However, the drag increments mea- 
sured between the present configurations at Mach numbers 0.99 and 1.00 are felt to be 
indicative of the beneficial effect of the fuselage area-rule additions on the drag charac- 
teristics at these Mach numbers. 




Accuracy 


Based on static calibrations, the model balance is capable of measuring normal 
force within ±55.6 N (±12.5 lb), axial force within ±4.4 N (1,0 lb), and pitching moment 
within ±2.0 m-N (±1.5 ft -lb). 

The accuracy with which angle of attack can be determined generally decreases with 
increasing aerodynamic loads and model support system dynamics. At the maximum lift 
coefficients of this investigation, the angles of attack are estimated to be within ±0.1°. 
Near cruise conditions, the angles of attack are estimated to be accurate within ±0.05°. 

The transducers of the differential-pressure, scanning-valve units used to measure 
the wing upper surface, the wing lower surface, and the fuselage pressures had maximum 
ranges of 103.4 kN/m2 (15.0 psi), 82.7 kN/m2 (12.0 psi), and 17.2 kN/m2 (2.5 psi), 
respectively. The estimated accuracies of these transducers are 1 percent of the max- 
imum ranges. 

The Mach numbers of this investigation are estimated to be accurate within ±0.003. 

PRESENTATION OF RESULTS 


The results of this investigation are presented in the following figures: 

Longitudinal aerodynamic characteristics: 

Effect of fuselage area-rule additions on longitudinal aerodynamic 

characteristics. /3 = 0°; 6^ = -2.5° 

Effect of fuselage area-rule additions on horizontal -tail effectiveness. 

0 = 0 ° 

Variation of drag characteristics with Mach number. /3 = 0° 

Wing and fuselage pressure distributions: 

Effect of fuselage area-rule additions on wing streamwise pressure 

distributions near cruise lift coefficient. 0 = 0°; 6^ = -2.5° 

Effect of fuselage area-rule additions on span-load distributions 

near cruise lift coefficient. 0 = 0°; 5jj = -2.5° 

Effect of fuselage area-rule additions on wing upper -surface pressure 
coefficients near trailing edge. 0 = 0°; x/c = 0.98; 5{ 1 =-2.5° . . . . 
Effect of fuselage area-rule additions on pressure distributions over 
rear of fuselage near cruise lift coefficient. 0 = 0°; 6^ = -2.5° . . . . 
Effect of fuselage area-rule additions on pressure distributions along 

top of fuselage near cruise lift coefficient. 0=0°; 6^ = -2.5° 

Typical pressure distributions along side of fuselage near cruise lift 
coefficient with area-rule additions on model. 0 = 0°; 6^ = -2.5°; 
data from reference 10 


Figure 
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DISCUSSION OF RESULTS 


Area-Rule Considerations 

In optimizing the area distribution of a configuration so as to reduce shock strengths 
and consequently the drag at Mach numbers near 1.00, the axial development of cross- 
sectional area normal to the free stream is of primary importance. (See ref. 18.) At 
Mach numbers near 1.00, the second-order effect caused by the expansion of the super- 
sonic stream tubes above the wing upper surface at positive lift coefficients becomes sig- 
nificant and should be taken into account along with the basic geometric areas to provide 
an overall smooth area distribution. This conclusion is supported by earlier experimen- 
tal work at transonic Mach numbers (ref. 19) which indicated that the typical fuselage 
indentations associated with the zero -lift area distribution for a wing -body combination 
could be modified to produce significant additional drag reductions at lifting conditions. 
Theoretical methods exist for calculating the equivalent -body area due to lift at super- 
sonic speeds (ref. 20); however, the linear theory on which these methods are based is 
not applicable near a Mach number of 1.00. Consequently, the side fuselage area-rule 
additions incorporated on the present model were developed on the basis of an experi- 
mentally refined Mach number 1.00, area-rule concept that compensates for the equiva- 
lent area due to lift. 

For the present investigation, a design envelope area distribution (fig. 3(b)) was 
derived from wind-tunnel tests of a supercritical body of revolution having a drag- 
divergence Mach number very close to 1.00 and a fineness ratio the same as the F-8 
supercritical -wing research airplane. The fore and aft fuselage area-rule additions 
were designed, therefore, to provide the model with the same area distribution as the 
supercritical body of revolution except in the region of the wing where area was omitted 
to allow for the equivalent area due to lift. However, as previously discussed, the exist- 
ing empennage arrangement of the basic airplane made it impossible to design the aft 
fuselage area-rule additions large enough to completely match the design envelope for 
the rear of the model. 

The amount of lift -compensation area was arrived at experimentally and is approx- 
imately the same as that determined in a similar fashion in reference 21 for a model of 
a low-wing, advanced transport configuration. This was not unexpected since that config- 
uration incorporated a similar supercritical wing and had approximately the same design 
envelope area distribution. It should be noted, however, that ideally the additional phys- 
ical indentation required to compensate for the lift should be concentrated on top of the 
fuselage rather than on the sides as was done on the present configuration because of the 
high-wing location provided by the basic F-8 fuselage. Furthermore, the constraints 
imposed on the design of the present area-rule additions by the existing fuselage lines 
and the horizontal tail, made it impractical to match the design envelope completely. For 




these reasons, the present configuration with the area-rule additions should not be con- 
sidered to be a thoroughly optimized configuration. 

Basic Longitudinal Aerodynamic Characteristics 

The basic longitudinal aerodynamic characteristics for the model with and without 
the fuselage area-rule additions is presented in figure 6 for a horizontal -tail deflection 
angle of -2.5°. Significant drag reductions associated with the area-rule additions are 
noted in the data at a Mach number of 1.00 (fig. 6(i)) with only a small drag penalty evi- 
dent at the lower subsonic Mach numbers. With regard to the lift and pitching -moment 
characteristics, the fuselage area-rule additions have generally only small effects. Pos- 
itive C m o shifts are evident at Mach numbers 0.25 to 0.98, and a positive Cl q shift 
is noted for all the Mach numbers with the area-rule additions on the model. Slight vari- 
ations in the pitching-moment and lift-curve slopes also result with the inclusion of the 
area-rule additions on the model, but again, these are generally small. 

As shown in figure 7, the fuselage area-rule additions have no significant effect on 
the horizontal -tail effectiveness. It is interesting to note, however, that the differences 
in Cm 0 which are shown for 6^ = -2.5° are not evident for 6^ = -5°, and overall, 
the pitching -moment curves for the two configurations are much closer in shape for the 
more negative tail angle. 


Drag-Rise Characteristics 

The variation of the drag coefficient at lift coefficients from 0.20 to 0.50 for the 
model with and without the area-rule additions is presented in figure 8(a) for a horizontal - 
tail deflection angle of -2.5°. A slight improvement in drag -divergence Mach number 

/ 3Ct\ \ 

I drag-divergence Mach number is defined as the Mach number where = 0.11 is 

obtained for the configuration with the area-rule additions at lift coefficients of 0.30 
and 0.40. Beyond the drag-divergence Mach number, however, a significant reduction 
in the severity of the drag rise is noted for the configuration incorporating the area-rule 
additions for all the lift coefficients at which data are presented in figure 8(a). It would 
be expected, therefore, that the problem of wind-tunnel — flight correlation at the design 
wing Mach number of 0.99 would be alleviated somewhat as a result of the decreased 
sensitivity of drag with Mach number. 

A comparison of the incremental drag -rise characteristics of the present model 
configurations with the configurations of references 10 and 21 is presented in figure 8(b). 
The F-8 supercritical -wing model configuration of reference 10 employed the same fore 
and aft fuselage area-rule additions used in the present investigation. The lower drag 
increments above Mach number 0.95 for the configuration of reference 10 can be attrib- 
uted, in part, to a better area distribution for the rear of the model as a result of the 
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drogue -parachute fairing (fig. 2) and to a modification on the inboard section of the wing 
discussed in a subsequent section. The simulated drogue -parachute fairing used in the 
investigation reported in reference 10 brought the area distribution for the aft section of 
the model closer to the design envelope. (See fig. 3(b).) 


Of the four configurations for which data are presented in figure 8(b), the low-wing, 
advanced transport model of reference 21 has the lowest drag increments between Mach 
numbers 0.95 and 0.99. (No results are presented in ref. 21 for M = 1.00.) These lower 
drag increments for the model of reference 21 result because it has a more thoroughly 
refined area distribution and a higher fineness ratio than the F-8 supercritical -wing model 
configurations. 


Pressure Distributions Near Cruise Lift Coefficient 


Wing -pressure distributions . - With the fuselage area-rule additions on, there is a 
general reduction in the induced velocities over the inboard region of the wing for all Mach 
numbers at which data are presented in figure 9. Although the induced velocities are 
decreased, the relative pressure difference between the upper and lower surfaces is seen 
to increase. As shown in figure 10, this increase results in a higher loading on the wing 
inboard semispan stations A-2^ = 0.133 and 0.307^ for the configuration with the area-rule 
additions. ' 


For the midsemispan stations = 0.480, 0.653, and 0.804V the fuselage area-rule 


additions tend to move the wing upper -surface shock wave forward and produce a higher 
second peak in the pressure distributions, particularly at the 0.804 station. These changes 
in the wing upper-surface pressure distributions are characteristic of changes that occur 
with a reduction of free -stream Mach number for the two-dimensional supercritical air- 
foil results. (See ref. 5.) Thus, the area-rule additions apparently reduce the local Mach 
numbers on this region of the wing as well as the inboard section by decreasing the slopes 
of the area distribution fore and aft of the maximum cross-sectional area of the model. 

(See fig. 3(a).) 


At the station near the tip, = 0.933, the single aft shock wave on the wing upper 

surface is moved closer to the trailing edge with the inclusion of the fuselage area-rule 
additions on the model for all Mach numbers at which pressure distributions are presented 
in figure 9. The extent to which the shock wave moves rearward is greater for Mach num- 
bers 0.99 and 1.00, and this results in the higher section normal-force coefficients for this 
region of the wing at these Mach numbers with the area-rule additions on the model. (See 
fig. 10.) Generally, rearward movements of shock waves can be attributed to increased 
angle of attack or Mach number. In this particular case, the more aft-located shock prob- 
ably results from an increase in local Mach number since, usually, an increase in angle 
of attack also results in more negative leading-edge pressure coefficients. This increase 
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in local Mach number near the wing tip with the area-rule additions on the model would 
be expected to result from the influence of the high velocity field associated with the neg- 
ative peak in the fuselage pressure distributions near fuselage station 135 cm (53.2 in.). 
(See figs. 13 and 14.) These negative pressure peaks are, in turn, associated with the 
relatively abrupt change in slope of the area distribution near fuselage station 127 cm 
(50 in.). (See fig. 3(a).) 

Span-load distributions . - Since the wing was optimized without the area-rule addi- 
tions, it is felt that the span -load distribution (fig. 10) of the present configuration with 
the area-rule additions is not optimum. A comparison of the span-load distributions of 
figure 10 indicates that the modification of reference 10, which decreased the inboard 
trailing -edge slopes (reduced trailing -edge camber), practically eliminated the effect of 
the fuselage area -rule additions on the span -load distribution, especially on the inboard 
region of the wing. This modification, although not practical to incorporate on the full- 
scale airplane, produced a similar elliptically shaped span -load distribution near the 
design cruise lift coefficient as existed before the fuselage area-rule additions were 
included on the model. The improvement in the drag characteristics for the configura- 
tion of reference 10 (fig. 8(b)) over the present configuration with the area-rule additions 
is a probable result of the more optimum span -load distribution (associated with a reduc- 
tion in induced drag) and, as noted previously, a better area distribution for the rear of 
the model which is attributable to the drogue -parachute fairing. 

Trailing-edge pressure recovery . - The fuselage area-rule additions also appear to 
be detrimental to the wing upper -surface, trailing-edge pressure recovery at all Mach 
numbers of figure 9 except Mach number 1.00. It should be pointed out, however, that the 
wing trailing-edge pressures are influenced by disturbances emanating from the fuselage, 
and as shown in figures 13 and 14, the aft fuselage area-rule additions produce a relatively 
low pressure field in the vicinity of the wing trailing edge. For this reason, the reduced 
trailing-edge pressures associated with the area-rule additions may not be necessarily 
indicative of more trailing-edge separation. Instead, the wing pressures near the trailing 
edge are probably recovering to a locally lower pressure as a result of the area-rule addi- 
tions. This conclusion is supported somewhat by figure 11 which shows that the wing 
pressure coefficients near the trailing edge with the area-rule additions on the model are 
generally more negative throughout the angle -of -attack range, even in the "bucket" of the 
curve where very little separation should exist, and, in general, the point of trailing-edge 
pressure divergence is approximately the same for both configurations. 

Fuselage pressure distributions . - The fuselage pressure distributions of figures 12 
and 13 indicate improved pressure recovery over the fuselage boattail with the area -rule 
additions on the model. Although the difference in the pressure coefficients for the two 
configurations is small at a Mach number of 0.97, the difference is significantly larger at 



Mach number 1.00. (See fig. 12.) A typical pressure profile (from ref. 10) along the 
crest of the fore and aft fuselage area-rule additions is presented in figure 14 at Mach 
numbers 0.98, 0.99, and 1.00; however, no pressure data are available along the side of 
the fuselage for the model without the area -rule additions. More extensive pressure data 
over the area-rule additions and the right side of the fuselage boattail are contained in 
reference 9. 


Schlieren Observations 

When the area-rule additions were utilized, schlieren observations at a Mach num- 
ber near 1.00 indicated a significant reduction in the strength of the shock -wave pattern 
propagating from the model. The weaker shock waves, resulting from the better area 
distribution provided by the area -rule additions, decrease the overall wave drag of the 
airplane and produce the favorable effect on the pressure recovery over the fuselage boat- 
tail as noted above. It is felt, therefore, that the reduction in drag at Mach numbers 0.99 
and 1.00 with the area-rule additions on the model (fig. 8(a)) primarily results from a 
decrease in model shock strengths. 


CONCLUSIONS 

The present wind-tunnel investigation of effects of side fuselage area-rule additions 
on the aerodynamic characteristics of an NASA supercritical -wing research airplane has 
shown the following results: 

1. Near the design cruise lift coefficient (Cl = 0.4oJ, a significant reduction in 
drag, associated with the fuselage area-rule additions, is obtained at Mach numbers 0.99 
and 1.00, whereas only a small drag penalty was incurred at the lower subsonic Mach 
numbers. 

2. The fuselage area-rule additions have only small effects on the longitudinal sta- 
bility characteristics and the horizontal -tail effectiveness over the Mach number and 
angle -of -attack range of the investigation. 

3. Near the cruise lift coefficient, the fuselage area-rule additions alter the 
wing span-load distribution unfavorably; however, based upon earlier results (NASA 
TM X-2471), this disadvantage could be alleviated by a reduction in the wing, inboard 
trailing -edge camber. 

Langley Research Center, 

National Aeronautics and Space Administration, 

Hampton, Va., October 5, 1972. 
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TABLE I. - WING COORDINATES ALONG STREAMWISE CHORDS 


(a) Wing planform coordinate layout 
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TABLE I.- WING COORDINATES ALONG STREAMWISE CHORDS - Continued 


(b) 


-4- = 0.104; 
b/2 


c' = 45.839 cm (18.047 in.) 


x'/c' 

z'/c’ 

x’/c' 

z’/c' 


x'/c' 

— 

z'/c' 

Upper 

surface 

Lower 

surface 

Upper 

surface 

Lower 

surface 

Upper 

surface 

Lower 

surface 

0 

0.0379 

0.0379 

0.0240 

0.0608 

0.0133 


0.0958 

0.0777 

-0.0057 

.00001 

.0384 

.0373 

.0250 

.0613 

.0128 


.0979 

.0781 

-.0061 

.00004 

.0389 

.0368 

.0261 

.0617 

.0123 


.1000 

.0784 

-.0064 

.00010 

.0395 

.0362 

.0272 

.0621 

.0118 


.1022 

.0787 

-.0068 

.0002 

.0400 

.0357 

.0283 

.0625 

.0114 


.1043 

.0790 

-.0071 

.0003 

.0406 

.0351 

.0294 

.0629 

.0109 


.1065 

.0793 

-.0075 

.0004 

.0411 

.0345 

.0306 

.0633 

.0104 


.1087 

.0797 

-.0078 

.0006 

.0417 

.0340 

.0318 

.0637 

.0100 


.1110 

.0800 

-.0081 

.0007 

.0422 

.0334 

.0330 

.0641 

.0095 


.1132 

.0803 

-.0085 

.0009 

.0428 

.0329 

.0342 

.0645 

.0091 


.1155 

.0806 

-.0088 

.0011 

.0433 

.0323 

.0355 

.0649 

.0086 


.1178 

.0809 

-.0091 

.0014 

.0438 

.03 18 

.0368 

.0653 

.0082 


.1201 

.0812 

-.0094 

.0016 

.0444 

.0312 

.0381 

.0657 

.0078 


.1224 

.0815 

-.0097 

.0019 

.0449 

.0307 

.0394 

.0661 

.0073 


.1248 

.0818 

-.0100 

.0022 

.0454 

.0301 

.0408 

.0665 

.0069 


.1272 

.0821 

-.0103 

.0025 

.0460 

.0296 

.0421 

.0669 

.0065 


.1296 

.0824 

-.0107 

.0029 

.0465 

.0290 

.0435 

.0673 

.0061 


.1321 

.0827 

-.0110 

.0033 

.0470 

.0285 

.0449 

.0677 

.0056 


.1345 

.0829 

-.0113 

.0037 

.0475 

.0279 


.0681 

.0052 


.1370 

.0832 

-.0116 

.0041 

.0481 

.0274 

.0478 

.0685 

.0048 


.1395 

.0835 

-.0119 

.0045 

.0486 

.0268 

.0493 

.0688 

.0044 


.1420 

.0838 

-.0122 

.0050 

.0491 

.0263 

.0508 

.0692 

.0040 


.1446 

.0840 

-.0125 

.0055 

.0496 

.0257 

.0523 

.0696 

.0036 


.1471 

.0843 

-.0128 

.0060 

.0501 

.0252 

.0539 

.0700 

.0032 


.1497 

.0845 

-.0131 

.0065 

.0506 

.0246 

.0555 

.0703 

.0027 


.1523 

.0848 

-.0134 

.0071 

.0511 

.0241 

.0571 

.0707 

.0024 


.1550 

.0851 

-.0136 

.0077 

.0516 

.0236 

.0587 

.0710 

.0020 


.1576 

.0853 

-.0139 

.0083 

.0521 

.0230 

.0603 

.0713 

.0016 


.1603 

.0855 

-.0142 

.0089 

.0526 

.0225 

.0620 

.0717 

.0012 


.1630 

.0858 

-.0145 

.0095 

.0531 

.0220 

.0637 

.0720 

.0008 


.1658 

.0860 

-.0148 

.0102 

.0536 

.0214 

.0654 

.0723 

.0004 


.1685 

.0863 

-.0150 

.0109 

.0541 

.0209 

.0671 

.0727 

0 


.1713 

.0865 

-.0153 

.0116 

.0546 

.0204 

.0689 

.0730 



.1741 

.0868 

-.0156 

.0123 

.0550 

.0198 

.0707 

.0733 

Bari i ivfl 


.1769 

.0870 

-.0158 

.0131 

.0555 

.0193 

.0725 

.0736 

Mfi' i ill 


.1797 

.0872 

-.0161 

.0139 

.0560 

.0188 

.0743 

.0740 

msii 1 i t'l 


.1826 

.0874 

-.0163 

.0147 

.0565 

.0183 

.0761 

.0743 

■ft i M 


.1855 

.0877 

-.0166 

.0155 

.0569 

.0178 

.0780 

.0747 

-.0023 


.1884 

.0879 

-.0168 

.0163 

.0574 

.0172 

.0799 

.0750 

-.0026 


.1913 

.0881 

-.0171 

.0172 

.0578 

.0167 

.0818 

.0754 

-.0030 


.1943 

.0883 

-.0173 

.0181 

.0583 

.0162 

.0837 

.0757 

-.0034 


.1973 

.0885 

-.0175 

.0190 

.0587 

.0157 

.0857 

.0760 

-.0038 


.2003 

.0887 

-.0178 

.0200 

.0591 

.0152 

.0877 

.0764 

-.0042 


.2033 

.0889 

-.0180 

.0209 

.0596 

.0147 

.0897 

.0767 

-.0046 


.2063 

.0891 

-.0182 

.0219 

.0600 

.0142 

.0917 

.0771 

-.0050 


, .2094 

.0892 

-.0184 

.0229 

.0604 

.0137 

.0938 

.0779 

-.0053 


.2125 

.0894 

-.0187 
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TABLE I.- WING COORDINATES ALONG STREAMWISE CHORDS - Continued 

(b) = 0.104; c' = 45.839 cm (18.047 in.) — Concluded 

b/2 


x'/c' 

z’/c’ 

Upper 

surface 

Lower 

surface 

0.2156 

0.0896 

-0.0189 

.2187 

.0897 

-.0191 

.2219 

.0899 

-.0193 

.2251 

.0900 

-.0195 

.2283 

.0902 

-.0197 

.2315 

.0903 

-.0200 

.2348 

.0905 

-.0201 

.2380 

.0906 

-.0203 

.2413 

.0907 

-.0205 

.2446 

.0908 

-.0206 

.2480 

.0909 

-.0208 

.2513 

.0910 

-.0210 

.2547 

.0911 

-.0212 

.2581 

.0911 

-.0213 

.2616 

.0912 

-.0215 

.2650 

.0912 

-.0216 

.2685 

.0913 

-.0218 

.2720 

.0913 

-.0219 

.2755 

.0913 

-.0220 

.2791 

.0913 

-.0222 

.2826 

.0913 

-.0223 

.2862 

.0913 

-.0224 

.2898 

.0913 

-.0225 

.2935 

.0912 

-.0226 

.2971 

.0912 

-.0227 

.3008 

.0912 

-.0228 

.3045 

.0911 

-.0229 

.3082 

.0910 

-.0230 

.3120 

.0909 

-.0231 

.3157 

.0908 

-.0232 

.3195 

.0907 

-.0232 

.3233 

.0906 


.3272 

.0904 


.3310 

.0903 


.3349 

.0901 


.3388 

.0900 


.3428 

.0898 


.3467 

.0897 


.3507 

.0895 


.3547 

.0893 

-.0238 

.3587 

.0891 

-.0238 

.3627 

.0888 

-.0239 

.3668 

.0886 

-.0239 

.3709 

.0884 

-.0239 

.3750 

.0881 

-.0239 

.3791 

.0879 

-.0239 


x'/c’ 

z'/c' 

Upper 

surface 

Lower 

surface 

0.3833 


-0.0238 

.3875 

.0873 

-.0238 

.3917 

.0871 

-.0238 

.3959 

.0868 

-.0237 

.4001 

.0865 

-.0237 

.4044 

.0861 

-.0236 

.4087 

.0858 

-.0235 

.4130 

.0855 

-.0234 

.4173 

.0851 

-.0233 

.4217 

.0848 

-.0232 

.4261 

.0844 

-.0230 

.4305 

.0841 

-.0230 

.4817 

.0793 

-.0209 

.5515 

.0726 

-.0155 

.6095 

.0669 

-.0095 

.6591 

.0617 

-.0035 

.7023 

.0571 

.0018 

.7406 

.0530 

.0065 

.7748 

.0493 

.0105 

.8057 

.0454 

.0135 

.8341 

.0414 

.0157 

.8602 

.0374 

.0168 

.8843 

.0336 

.0170 

.9068 

.0299 

.0163 

.9277 

.0265 

.0153 

.9474 

.0232 

.0140 

.9659 

.0196 

.0124 

.9747 

.0178 

.0115 

.9833 

.0159 

.0103 

.9943 

.0132 

.0088 

.9966 

.0126 

.0085 

1.0000 


.0080 








TABLE I.- WING COORDINATES ALONG STREAMWISE CHORDS - Continued 


(0 


= 0.158; c' = 36.873 cm (14.517 in.) 



Z'/ 

/c' 

Upper 

Lower 

surface 

surface 


.0030 

.0060 

.0090. 

.0119 

.0149 

.0179 

.0209 

.0239 

.0269 

.0299 

.0328 

.0358 

.0388 

.0418 

.0448 

.0478 

.0508 

.0537 

.0567 

.0597 

.0627 

.0657 

.0687 

.0717 

.0746 

.0776 

.0806 

.0836 

.0866 

.0896 

.0925 

.0955 

.0985 

.1015 

.1045 

.1075 

.1105 

.1134 

.1164 

.1194 

.1224 

.1254 

.1284 

.1314 

.1343 


0.0384 

.0294 

.0257 

.0229 

.0206 

.0186 

.0168 

.0152 

.0137 

.0124 

.0112 

.0100 

.0090 

.0079 

.0070 



.0037 

.0029 

.0022 

.0015 

.0008 

.0002 

.0005 

.0011 

.0017 

.0022 

.0028 

.0033 

.0038 

.0043 

.0048 

.0052 

.0057 

.0061 

.0066 

.0070 

.0074 

.0078 

.0082 

.0086 

.0090 

.0093 

.0097 

.0101 


x'/c' 

z'/c' 

Upper 

surface 

Lower 

surface 

0.1373 

0.0834 

-0.0104 

.1403 

.0837 

-.0107 

.1433 

.0839 

-.0110 

.1463 

.0842 

-.0113 

.1493 

.0844 

-.0116 

.1523 

.0846 

-.0118 

.1552 

.0848 

-.0121 

.1582 

.0851 

-.0124 

.1612 

.0853 

-.0127 

.1642 

.0855 

-.0129 

.1672 

.0857 

-.0132 

.1702 

.0859 

-.0135 

.1732 

.0860 

-.0137 

.1761 

.0862 

-.0139 

.1791 

.0864 

-.0142 

.1821 

.0865 

-.0144 

.1851 

.0867 

-.0146 

.1881 

.0868 

-.0148 

.1911 

.0869 

-.0151 

.1941 

.0871 

-.0153 

.1970 

.0872 

-.0155 

.2000 

.0873 

-.0157 

.2030 

.0874 

-.0159 

.2060 

.0874 

-.0161 

.2090 

.0875 

-.0162 

.2120 

.0876 

-.0164 

.2149 

.0877 

-.0166 

.2179 

.0877 

-.0167 

.2209 

.0878 

-.0169 

.2239 

.0878 

-.0170 

.2269 

.0879 

-.0172 

.2299 

.0879 

-.0174 

.2329 

.0880 

-.0175 

.2358 

.0880 

-.0176 

.2388 

.0881 

-.0178 

.2418 

.0881 

-.0179 

.2448 

.0882 

-.0180 

.2478 

.0882 

-.0182 

.2508 

.0882 

-.0183 

.2538 

.0882 

-.0184 

.2567 

.0882 

-.0185 

.2597 

.0882 

-.0186 

.2627 

.0882 

-.0187 

.2657 

.0882 

-.0188 

.2687 

.0882 

.-.0189 

.2717 

.0881 

-.0190 



z' 

/c* 

x'/c' 

Upper 

surface 

Lower 

surface 

0.2747 

0.0881 

-0.0191 

.2776 

.0881 

-.0191 

.2806 

.0880 

-.0192 

.2836 

.0880 

-.0193 

.2866 

.0879 

-.0194 

.2896 

.0879 

-.0194 

.2926 

.0878 

-.0195 

.2956 

.0878 

-.0196 

.2985 

.0877 

-.0196 

.3015 

.0876 

-.0197 

.3045 

.0876 

-.0197 

.3075 

.0875 

-.0198 

.3105 

.0874 

-.0198 

.3828 

.0845 

-.0192 

.4600 

.0802 

-.0158 

.5245 

.0761 

-.0115 

.5797 

.0721 

-.0068 

.6279 

.0681 

-.0021 

.6707 

.0642 

.0027 

.7095 

.0605 

.0071 

.7447 

.0568 

.0114 

.7769 

.0533 

.0153 

.8066 

.0501 

.0183 

.0205 

.8341 

.0470 

.8596 

.0438 

.0219 

.8836 

.0402 

.0225 

.9075 

.0368 

.0225 

.9313 

.0333 

.0220 

.9548 

.0295 

.0207 

.9663 

.0276 

.0199 

.9776 

.0255 

.0190 

.9924 

.0226 

.0174 

.9956 

1.0000 

.0220 

.0170 

.0164 

















TABLE I.- WING COORDINATES ALONG STREAMWISE CHORDS - Continued 


(d) = 0.232; 

b/2 

c' = 26.355 cm (10.376 in.) 


(e) -i— = 0.309; 
b/2 

c’ = 20.808 cm (8.192 in.) 


({) JL = 0.386; 
b/2 

c* = 18.654 cm (7.344 in.) 



Upper Lower 
surface surface 


.0006 

.0028 

.0055 

.0096 

.0150 

.0204 

.0335 

.0648 

.0942 

.1218 

.1727 

.2184 

.2987 

.3683 

.4293 

.4835 

.5322 

.5764 

.6174 

.6575 

.6962 

.7335 

.7694 

.8043 

.8382 

.8713 

.9038 

.9361 

.9522 

.9683 

.9893 

.9937 

1.0000 





z'/ 

/ c' 

x'/c' 

Upper 

surface 

Lower 

surface 

0 

0.0255 

0.0255 

.0002 

.0282 

.0229 

.0013 

.0314 

.0196 

.0025 

.0337 

.0173 

.0044 

.0361 

.0148 

.0069 

.0384 

.0124 

.0094 

.0402 

.0106 

.0156 

.0435 

.0074 

.0310 

.0492 

.0024 

.0462 

.0532 

-.0010 

.0613 

.0563 

-.0037 

.0911 

.0610 

-.0076 

.1204 

.0646 

-.0103 

.1777 

.0697 

-.0129 

.2334 

.0728 

-.0141 

.2876 

.0750 

-.0139 

.3405 

.0765 

-.0129 

.3922 

.0773 

-.0111 

.4430 

.0775 

-.0088 

.4927 

.0775 

-.0057 

.5417 

.0773 

-.0017 

.5898 

.0768 

.0034 

.6373 

.0760 

.0099 

.6842 

.0749 

.0179 

.7306 

.0733 

.0266 

.7765 

.0712 

.0355 

.8220 

.0688 

.0427 

.8671 

.0655 

.0471 

.9118 

.0610 

.0481 

.9341 

.0582 

.0471 

.9562 

.0549 

.0448 

.9852 

.0495 

.0397 

.9913 

1.0000 

.0482 

.0383 

.0364 
















TABLE I.- WING COORDINATES ALONG STREAMWISE CHORDS - Continued 


(g) — = 0.464; 
b/2 

c' = 12.537 cm (4.936 in.) 


(h) JL= 0.541; 
b/2 


(i) -L- = 0.580; 
b/2 


c r = 16.231 cm (6.390 in.) c’ = 15.624 cm (6.151 in.) 



















TABLE I.- WING COORDINATES ALONG STREAMWISE CHORDS - Continued 


(j) = 0.618; 

b/2 


(k) -L- = 0.657; 
b/2 


U) -L- = 0.696; 
b/2 


c' = 15.019 cm (5.913 in.) c' = 14.412 cm (5.674 in.) c' = 13.807 cm (5.436 in.) 



.0002 

.0012 

.0023 

.0040 

.0063 

.0086 

.0143 

.0286 

.0429 

.0570 

.0852 

.1132 

.1686 

.2232 

.2770 

.3300 

.3823 

.4338 

.4846 

.5347 

.5841 

.6329 

.6810 

.7284 

.7752 

.8213 

.8669 

.9118 

.9341 

.9562 

.9782 

.9913 



x'/c’ 


.0002 

.0011 

.0023 

.0040 

.0063 

.0086 

.0143 

.0286 

.0429 

.0570 

.0852 

.1132 

.1686 

.2232 

.2770 

.3300 

.3823 

.4338 

.4846 

.5347 

.5841 

.6329 

.6810 

.7284 

.7752 

.8213 

.8669 

.9118 

.9341 

.9562 

.9782 

.9913 

1.0000 



Upper Lower 
surface surface 


0.0002 

.0025 

.0054 

.0074 

.0096 

.0116 

.0131 

.0162 

.0218 

.0256 

.0287 

.0333 

.0370 

.0428 

.0472 

.0507 

.0538 

.0564 

.0588 

.0608 

.0626 

.0639 

.0650 

.0656 

.0657 

.0650 

.0636 

.0610 

.0570 

.0543 

.0509 

.0467 

.0436 



.0229 

.0199 

.0159 

.0112 

.0053 

.0018 

.0106 

.0205 

.0297 

.0374 

.0425 

.0436 

.0426 

.0404 

.0367 

.0336 

.0312 


x’/c' 

z’/c’ 

Upper 

surface 

Lower 

surface 

0 

-0.0041 

-0.0041 

.0002 

-.0018 

-.0064 

.0011 

.0010 

-.0092 

.0023 

.0031 

-.0112 

.0040 

.0052 

-.0134 

.0063 

.0072 

-.0155 

.0086 

.0087 

-.0170 

.0143 

.0119 

-.0201 

.0286 

.0175 

-.0241 

.0429 

.0214 

-.0266 

.0570 

.0244 

-.0285 

.0852 

.0291 

-.0306 

.1132 

.0328 

-.0318 

.1686 

.0388 

-.0325 

.2232 

.0434 

-.0317 

.2770 

.0469 

-.0299 

.3300 

.0503 

-.0277 

.3823 

.0530 

-.0251 

.4338 

.0557 

-.0219 

.4846 

.0579 

-.0178 

.5347 

.0600 

-.0129 

.5841 

.0616 

-.0069 

.6329 

.0627 

.0004 

.6810 

.0636 

.0093 

.7284 

.0640 

.0191 

.7752 

.0636 

.0284 

.8213 

.0623 

.0360 

.8669 

.0599 

.0411 

.9118 

.0559 

.0424 

.9341 

.0532 

.0414 

.9562 

.0498 

.0393 

.9782 

.0457 

.0357 

.9913 

.0426 

.0326 

1.0000 


.0302 
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TABLE I. - WING COORDINATES ALONG STREAMWISE CHORDS - Continued 


(m) JL = 0.734; 
b/2 

c' = 13.200 cm (5.197 in.) 


(n) JL = 0.773; 
b/2 


(o) - 1 — = 0.812; 
b/2 


c' = 12.596 cm (4.959 in.) c' = 11.989 cm (4.720 in.) 



.0002 

.0011 

.0023 

.0040 

.0063 

.0086 

.0143 

.0286 

.0429 

.0570 

.0852 

.1132 

.1686 

.2232 

.2770 

.3300 

.3823 

.4338 

.4846 

.5347 

.5841 

.6329 

.6810 

.7284 

.7752 

.8213 

.8669 

.9118 

.9341 

.9562 

.9782 

.9913 

1.0000 


25 

















TABLE I.- WING COORDINATES ALONG STREAMWISE CHORDS - Concluded 


(p) JL = 0.850; (q) JL = 0.935; ( r ) J- = 0.968; 

b/2 b/2 b/2 

c' = 11.382 cm (4.481 in.) c' = 10.051 cm (3.957 in.) c' = 9.467 cm (3.727 in.) 



Lower 

surface 


0 

-0.0221 

.0002 

-.0199 

.0011 

-.0172 

.0023 

-.0153 

.0040 

-.0133 

.0063 

-.0115 

.0086 

-.0099 

.0143 

-.0068 

.0286 

-.0014 

.0429 

.0025 

.0570 

.0057 

.0852 

.0105 

.1132 

.0144 

.1686 

.0208 

.2232 

.0261 

.2770 

.0304 

.3300 

.0344 

.3823 

.0379 

.4338 

.0411 

.4846 

.0440 

.5347 

.0466 

.5841 

.0493 

.6329 

.0513 

.6810 

.0529 

.7284 

.0541 

.7752 

.0547 

.8213 

.0542 

.8669 

.0526 

.9118 

.0494 

.9341 

.0469 

.9562 

.0438 

.9782 

.0397 

.9913 

1.0000 

.0367 



z’/c’ 

x'/c’ 

Upper 

surface 

Lower 

surface 

0 

-0.0330 

-0.0330 

.0002 

-.0309 

-.0352 

.0011 

-.0283 

-.0378 

.0023 

-.0264 

-.0397 

.0040 

-.0245 

-.0416 

.0063 

-.0227 

-.0434 

.0086 

-.0213 

-.0448 

.0143 

-.0185 

-.0473 

.0286 

-.0133 

-.0509 

.0429 

-.0094 

-.0532 

.0570 

-.0064 

-.0549 

.0852 

-.0014 

-.0568 

.1132 

.0026 

-.0574 

.1686 

.0090 

-.0568 

.2232 

.0143 

-.0546 

.2770 

.0189 

-.0519 

.3300 

.0231 

-.0481 

.3823 

.0271 

-.0441 

.4338 

.0307 

-.0395 

.4846 

.0340 

-.0343 

.5347 

.0371 

-.0287 

.5841 

.0401 

-.0221 

.6329 

.0426 

-.0141 

.6810 

.0447 

-.0050 

.7284 

.0465 

.0043 

.7752 

.0477 

.0135 

.8213 

.0477 

.0215 

.8669 

.0468 

.0274 

.9118 

.0441 

.0299 

.9341 

.0419 

.0295 

.9562 

.0393 

.0277 

.9852 

.0342 

.0233 

.9913 

.0330 

.0221 

1.0000 


.0202 




0 

.0002 

.0011 

.0023 

.0040 

.0063 

.0086 

.0143 

.0286 

.0429 

.0570 

.0852 

.1132 

.1686 

.2232 

.2770 

.3330 

.3823 

.4338 

.4846 

.5347 

.5841 

.6329 

.6810 

.7284 

.7752 

.8213 

.8669 

.9118 

.9341 

.9562 

.9852 

.9913 

1.0000 



z'/c' 


Upper Lower 
surface surface 


-0.0382 

-.0362 

-.0339 

-.0321 

-.0301 

-.0282 

-.0266 

-.0235 

-.0180 

-.0410 

-.0108 

-.0057 

-.0014 

.0052 

.0102 

.0147 

.0188 

.0230 

.0268 

.0303 

.0338 

.0368 

.0395 

.0417 

.0434 

.0446 

.0453 

.0448 

.0425 

.0403 

.0374 

.0322 

.0310 


-.0622 

-.0611 

-.0590 

-.0560 

-.0521 

-.0478 

-.0428 

-.0373 

-.0314 

-.0247 

-.0166 

-.0075 

.0015 

.0101 

.0185 

.0248 

.0278 

.0274 

.0258 

.0215 

.0203 

.0184 


















TABLE II. - LOCATION OF PRESSURE ORIFICES ON MODEL 


(a) Orifices on wing 



TABLE II. - LOCATION OF PRESSURE ORIFICES ON MODEL - Continued 


(a) Orifices on wing - Concluded 
[c in cm (in.)) 


Wing orifice location, ^ a t semispan station, of - 

0.133 

0.307 

0.480 

■HI 

0.804 

mmm 

II 

(c = 19.883\ 
[ (7-828)/ 

(c = 17. 160\ 
[ (6.756)/ 

EB 

(c = 12.070\ 
\ (4.752 )/ 

RB 

Right wing upper surface 

-0.660 

-0.021 

0.023 

0.025 

0.022 

0.018 

-.567 

.035 

.068 

.079 

.075 

.077 

-.452 

.105 

.134 

.133 

.129 

.129 

-.311 

.178 

.209 

.214 

.201 

.209 

-.023 

.286 

.294 

.295 

.294 

.293 

.133 

.396 

.404 

' .407 

.397 

.494 

.272 

.514 

.497 

.502 

.495 

.590 

.416 

.618 

.599 

.601 

.594 

.693 

.565 

.733 

.700 

.698 

.693 

.777 

.713 

.835 

.864 

.863 

.784 

.861 

.854 

.919 

.926 

.923 

.856 

.918 

.980 

.987 

.975 

.977 

.926 

.972 

1.074 




.977 


1.122 






Left wing lower surface 

-0.660 

-0.022 

0.024 

0.025 

0.019 

0.020 

-.616 

.038 

.075 

.074 

.066 

.076 

-.572 

.101 

.297 

.130 

.136 

.136 

-.462 

.185 

.400 

.298 

.214 

.221 

-.329 

.398 

.604 

.397 

.292 

.295 

-.172 

.737 

.785 

.501 

.403 

.396 

-.030 


.967 

.603 

.489 

.497 

.128 


1.000 

.703 

.594 

.597 

.418 



.784 

.700 

.702 

.564 



.868 

.786 

.786 

.710 



.923 

.858 

.864 

.976 



.972 

.919 

.912 

1.072 




.967 

.985 

1.110 
















TABLE H.- LOCATION OF PRESSURE ORIFICES ON MODEL - Continued 

(b) Orifices on rear of fuselage 




Orifice 

B, deg 

Model fuselage station 

cm 

in. 

1 

179.7 

160.45 

63.17 

2 

179.7 

159.08 

62.63 

3 

179.7 

157.56 

62.03 

4 

181.0 

156.13 

61.47 

5 

180.6 

154.25 

60.73 

6 

179.8 

152.88 

60.19 

7 

137.1 

159.16 

62.66 

8 

137.3 

157.84 

62.14 

9 

136.6 

156.21 

61.50 

10 

135.5 

154.61 

60.87 

11 

135.2 

152.96 

60.22 

12 

45.1 

159.16 

62.66 

13 

45.7 

157.63 

62.06 

14 

45.5 

156.06 

61.44 

15 

45.2 

154.36 

60.77 

16 

45.1 

152.88 

60.19 

17 

8. 1 

160.78 

63.30 

18 

8.2 

159.03 

62.61 

19 

8.6 

157.56 

62.03 

20 

9.2 

156.01 

61.42 

21 

8.6 

154.28 

60.74 

22 

9.6 

153.01 

60.24 











TABLE III. - TUNNEL TEST CONDITIONS 


Mach 

number 

Temperature 

Reynolds number 

Dynamic pressure 

K 

°F 

per m 

per ft 

N/m 2 

lb/ft 2 

1.00 

322 

Bp 

14.8 

4.5 

40 698 

850 

.99 

322 

HI 

14.8 

4.5 

40 698 

850 

.98 

322 

120 

14.8 

4.5 

40 698 

850 

.97 

322 

120 

14.8 

4.5 

40 698 

850 

.95 

322 

120 

15.1 

4.6 

40 698 

850 

.90 

322 

120 

15.7 

4.8 

40 698 

850 

.80 

322 

120 

17.1 

5.2 

40 698 

850 

.50 

322 

120 

13.1 

4.0 

21 546 

450 

.25 

322 

120 

10.2 

3.1 

8 571 

179 
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(a) General planform arrangement of 0.087-scale model. 
Figure 1.- Model details. Linear dimensions are in cm (in.). 



3 . 53 ( 1 . 388 ) 



(a) Concluded. 
Figure 1.- Continued, 






(b) Cross-section layout of 0.087-scale model with fuselage area-rule additions. 

Figure 1.- Continued. 


CO 

CJl 



(10- percent-thick Clark Y airfoil) 



(c) Sketch of underwing leading -edge vortex generator. 
Figure 1.- Continued. 



(d) Location of aileron hinge fairings. 
Figure 1.- Continued. 


GO 



Cross sections 

(e) Sketch of typical aileron hinge fairing. 
Figure 1.- Continued. 



. 55 (. 22 ; 




(f) Simulated full-scale airplane protuberances. 
Figure 1. - Continued. 


Fuselage station 71.56(28. 17) 




(Located 15.24 cm C6in.3 left of bottom center line of fuselage) 


Fuselage station 137.05(53.96) 
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L-70-3988. 1 

Top view of model with fuselage area -rule additions 



L-71-6987 

Top view of model without fuselage area-rule additions 


Figure 2.- Photographs of 0.087-scale wind-tunnel model. 






L-71-6992. 1 

Bottom view of model without fuselage area-rule additions 



L-71-6991. 1 

Side view of model without fuselage area -rule additions 


Figure 2.- Continued. 









L— 72-1117.1 

Three-quarter top view of model with fuselage area-rule additions 



Figure 2.- Concluded. 





Area ( in 


Fuselage station, x, cm 


0 20 40 60 80 100 120 140 160 

1 1 1 1 r ^ 1 r r- 



(a) Geometric areas. 

Figure 3.- Longitudinal progression of cross-sectional area taken normal to fuselage center line. 
Model and fuselage areas include 28.39 cm2 ( 4.40 in2) of inlet area. 
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Area-rule additions 


M = 1 .00 
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(b) Variation with angle of attack of average mass -flow ratio of ducts. 

Figure 4.- Concluded. 














C L 

(a) M = 0.25. Continued. 
Figure 6.- Continued. 
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a,deg 


(b) M = 0.50. 
Figure 6.- Continued. 
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(b) M = 0.50. Continued. 
Figure 6.- Continued. 
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(b) M=0.50. Continued. 
Figure 6.- Continued. 
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(b) M = 0.50. Concluded. 
Figure 6.- Continued. 
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(c) M = 0.80. 
Figure 6.- Continued. 
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C L 

(c) M = 0.80. Continued. 
Figure 6.- Continued. 
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(c) M = 0.80. Continued. 
Figure 6.- Continued. 
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(c) M = 0.80. Concluded. 
Figure 6.- Continued. 
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(d) M = 0.90. 
Figure 6.- Continued. 
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C L ■ 

(d) M = 0.90. Continued. 
Figure 6.- Continued. 
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(d) M = 0.90. Continued. 
Figure 6.- Continued. 
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(d) m = 0.90. Concluded. 
Figure 6.- Continued. 
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(e) M = 0.95. 
Figure 6.- Continued. 
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(e) M = 0.95. Continued. 
Figure 6.- Continued. 
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(e) M = 0.95. Continued. 
Figure 6.- Continued. 
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(e) M = 0.95. Concluded. 
Figure 6.- Continued. 
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(f) M = 0.97. Continued, 
Figure 6.- Continued. 
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(f) M = 0.97. Concluded. 
Figure 6.- Continued. 
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(g) M = 0.98. 
Figure 6.- Continued. 
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(g) M = 0.98. Concluded. 
Figure 6.- Continued. 
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(h) M = 0.99. 
Figure 6.- Continued. 
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(h) M = 0.99. Continued. 
Figure 6.- Continued. 
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(h) M = 0.99. Concluded. 
Figure 6.- Continued. 
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(i) M = 1.00. 
Figure 6.- Continued. 
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(i) M = 1.00. Concluded. 
Figure 6.- Concluded. 
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(a) M = 0. 50. 

Figure 7.- Effect of fuselage area-rule additions on horizontal -tail effectiveness. 0 = 0°. 
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C L 

(a) M = 0. 50. Continued. 

Figure 7.- Continued. 
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C L 

(a) M = 0.50. Continued. 

Figure 7.- Continued. 
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(a) M = 0. 50. Concluded. 
Figure 7.- Continued. 
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Figure 7.- Continued. 
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(b) M = 0.80. Continued. 
Figure 7.- Continued. 
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(c) M = 0.90. Continued. 
Figure 7.- Continued. 
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(c) M = 0.90i Continued. 
Figure 7.- Continued. 
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a,deg 


(c) M = 0.90. Concluded. 
Figure 7.- Continued. 
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(d) M = 0.95. Continued. 
Figure 7.- Continued. 
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(d) M = 0.95. Continued. 
Figure 7.- Continued. 
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(d) M = 0.95. Concluded. 
Figure 7.- Continued. 
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(e) M = 0.97. Continued. 
Figure 7.- Continued. 
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(e) M = 0.97. Continued. 
Figure 7.- Continued. 
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(a) Variation with Mach number of drag coefficient at lift coefficients from 0.20 to 0.50. 5^ = -2.5°. 
Figure 8. - Variation of drag characteristics with Mach number. /3 = 0°. 
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(b) Comparison of incremental drag-rise characteristics of present configuration 
(6ft = -2.5°) with and without area-rule additions with those of the configurations 
in references 10 and 21. Cl = 0.4. 


Figure 8.- Concluded. 



(a) M = 0.97. 

Figure 9. - Effect of fuselage area-rule additions on wing streamwise pressure distributions 

near cruise lift coefficient. j3 = 0°; 5^ = -2.5°. 
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(b) M = 0.98. 



Figure 9.- Continued, 




112 


(b) M = 0.98. Continued, 
Figure 9.- Continued. 










(c) M = 0.99. 
Figure 9.- Continued. 




x/c 


(c) M = 0.99. Continued. 
Figure 9.- Continued. 
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(c) M = 0.99. Concluded. 
Figure 9.- Continued. 
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(d) M = 1.00. 
Figure 9.- Continued. 
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Figure 10.- Effect of fuselage area-rule additions on span-load distributions near 
cruise lift coefficient. 0 = 0°; 6 k = -2.5°. 
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Figure 10. - Concluded. 














a, deg 


(d) M = 1.00. 
Figure 11.- Concluded. 
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(a) M = 0.97. 

Figure 12.- Effect of fuselage area-rule additions on pressure distributions over rear of fuselage near 

cruise lift coefficient. /3 = 0°; 5 h = -2.5°. 
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(b) M = 0.98. 
Figure 12.- Continued. 










(c) M = 0.99. 

. Figure 12.- Continued. 
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(d) M = 1.00. 
Figure 12.- Concluded. 
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Figure 14.- Typical pressure distributions along side of 
fuselage near cruise lift coefficient with area-rule 
additions on model. /3 = 0°; 5h = -2.5°; data from 
reference 10. 
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